DVSC Wor ki ng Group H. Yang

I nternet-Draft T. Yu
I ntended status: Standards Track Q Yao
Expires: 4 January 2026 Z. Zhang
Beijing University of Posts and Tel ecomuni cati ons

3 July 2025

M croservi ce Communi cati on Resource Scheduling for Distributed Al Model
draft-yang-dnsc-di stri but ed- nodel - 04

Abst ract

Thi s docunment descri bes the architecture of mcroservice
communi cati on resource scheduling for distributed Al nodel.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 4 January 2026.
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunment. Code Conponents
extracted fromthis docunment must include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.

Yang, et al. Expires 4 January 2026 [ Page 1]



I nternet-Draft DVSC- LMI Architecture July 2025

Tabl e of Contents

1. Introduction 2
2. Conventions used |n th|s docunent 3
3. Termnology . . . 3
4. DWVSC- LM archltecture . 4
4.1. Overview . 4
4.2. Function nndules 6
4.3. The control signaling nessages deS|gn of DNBC—LNW 8
4.4. DWVSC- LMI comunication flow . e e 9
4.5. Task-Level M croservice Deconp03|t|on A
5. Realization of key functions . . .. 12
5.1 Efficient Mcroservice Cbnnunlcatlon and CXchestratlon .13
5.2 Intelligent decision support for functional nodules . . . 13
5.3. Task topol ogy and dependency control . . .. 13
5.4 Conput ationally aware routing and congest|on av0|dance
mechani snms . . .. . . . . . 13
5.5. Fault handling and connunlcat|on reS|I|ence e
6. Local Database Integration and State Managenent in
DVSC-LMI . . . .
6.1 Rol es and Functlons of Local Databases P
6.2 Coordi nati on Across |nstances . . .. . . . . . . 15
6.3. Integration with Control Plane Conponents . . . . . . . . 15
7. The specific process of DMSC-LTM . . . .. . . . . . 16
7.1. Overview of Large Model Trai ni ng ParaIIeI Strategies . . 16
7.2. Detailed mapping of distributed tralnlng to DMSC-LTM . . 19
8. Conclusion and Qutlook . . . . . ... .22
9. |1ANA Considerations . . . . . . . . . . . . . . . ... ... 21
10. Acknow edgenent . . . . . . . . . . . . . . . . . . ... .21
11. References . . . e
11.1. Nornmative References e |
11.2. Informative References . . . . . . . . . . . . . . . . . 22
Appendi x A An Appendix . . . . . . . . . . . . . . . ..., 22
Authors’ Addresses . . . . . . . . . . . . . .. ... o 0. 22
1. Introduction

Wth the rapid advancenment of Large Mdels such as GPT, G ok, and
DeepSeek, training workl oads have continuously increased in terns of
scal e, conplexity, and resource consunption.This trend inposes
stricter requirenents on conpute resource scheduling, conmunication
efficiency, systemresilience, and overall scalability.

Traditional centralized control and monolithic architectures face
several chall enges, including network congestion, |oad inbal ances,
and difficulties in failure recovery. Wile current mainstream
training systens typically rely on nulti-node distributed parall el
frameworks to inprove training throughput through task partitioning
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and conmuni cation synchroni zation, they still encounter significant
limtations when dealing with ultra-Ilarge nodel paraneters,

het er ogeneous hardware clusters, and hi gh-density conmmuni cati on
patterns. These limtations include coarse scheduling granularity,
i nefficient comunication path optim zation, and inadequate fault
tol erance, which ultimately lead to scalability bottl enecks and
degraded system perfornance.

To address these challenges, this draft proposes the Distributed

M croservi ce Communi cation Architecture for Large Model Training
(DVBC- LMI) . DMBC-LMT is designed to enhance scheduling flexibility,
communi cation efficiency, systemresilience, and scalability in high-
concurrency, |arge-scale, and heterogeneous training environments by
i nt roduci ng nechani sns such as task-level microservice deconposition,
content-semanti c addressing, and conputation-aware routing. This
architecture provides a unified, extensible, and evol vabl e foundation
for building the next generation of Large Mdel training platforns.

2. Conventions used in this document

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

3. Termi nol ogy
The following terns are defined in this draft:

* DMSC-LMI: Distributed Mcro Service Conmuni cation architecture, a
Di stributed M croservice Comunication Architecture for |arge nodel
training defined in this draft.

* MG Mcroservice gateway, a core conponent in the mcroservice
architecture that serves as a unified entry point for externa
requests. It is responsible for traffic routing, |oad bal anci ng,
servi ce authentication, authorization, request filtering, |ogging,

APl aggregation, and other tasks to ensure that external requests are
efficiently and stably di spatched to the service instance.

* SR Service Router, responsible for internal communication between
m croservices, dynamically selects the appropriate service instance
using the service discovery mechanism and perforns traffic routing
and | oad distribution based on the traffic scheduling algorithmto
ensure efficient and stable conmunication between servi ces.

* SRD: Service Registry and Discovery, responsible for centrally

managi ng the registration and discovery of mcroservices.
M croservices register their instance information with the service
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4.

4.

regi stry upon startup, and SRD provi des service discovery and
registration information to SR and M5 ensuring they can dynamically
| ocate service instances and route traffic.

* AAM Aut hentication and Authorization Mdule,it is the core
conmponent responsible for handling identity authentication and
authorization in Ma It ensures that all incom ng requests are

aut henti cated and have appropriate permni ssions to protect the system
from unaut hori zed access.

* M:Mcroservice |Instance, A runti me-executable entity derived froma
deconposed task, identified by a unique Service ID (SID), and

depl oyed within a Mcroservice Instance Cluster (MC). It perfornms a
specific training-stage function and participates in the service
routing and di scovery ecosystem

* MC Mcroservice instance cluster,refers to a collection of

m croservice instances that collaborate in a distributed systemto
provi de specific functions or services. Each MC contains a set of

m croservice instances (such as a /1, B/1), and the instances in the
cluster can performthe sanme or different tasks, serving as the basic
conputing unit for data parallelism nodel parallelism or hybrid
training strategies. The cluster’s mcroservices are coordi nated by
SRD and SR to ensure seamn ess communi cati on and data synchroni zati on.

* SMO Service Mesh Orchestrator, it is a key conponent in the

m croservice architecture responsi ble for coordinating, managi ng and
optim zing the conmuni cati on and task schedul i ng anong m croservi ces.
It ensures the efficient collaborative work anong services and
dynanically adjusts the allocation of service traffic and conputing
tasks based on the actual |oad, performance requirements and system
st at us.

DVBC- LMI architecture
1. Overview

The Distributed M croservice Communication Architecture for Large
Model Training (DMSC-LMI) is designed to support high-concurrency,
hi gh-t hroughput, and | arge-scale training scenarios. |t deconposes
the training systeminto nodul ar microservice conponents to ensure
fl exi bl e scheduling, efficient communication, and robust fault

tol erance. The overall architecture of DMSC-LMI is shown in

Figure 1. Mcroservice Instance Cluster (M C) execute core training
comput ations through parallelized mcroservices. M croservice

Gat eways (M3 serve as the unified traffic entry point and nmanage
request routing. Authentication and Authorization Mdul e (AAM
validate identity and enforce access control for all incom ng
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4, Functi on nodul es

I n DMSC- LMI, Functional Mdul es are | oosely coupl ed conponents used
to performintelligent policy analysis, path optimzation, and

predi ctive reasoning. Each function nodule itself remains stateless,
but it can access external state services, and has the
characteristics of pluggable and reusable. To support flexible

depl oynent and hi gh-performance inference, Feature nodul es typically
consi st of the follow ng core conponents as shown in Fig 2:



* Data Ingestion Interface: The functional nodule first obtains the
input information required by the system during operation through the
data acquisition interface. This includes data from M5 and SR
modul e dependency topol ogy fromMC, and service instance state from
SRD. This data may be entered in many forms, such as RPC interfaces,
REST apis, etc. This interface ensures that the nodul e has ful

awar eness of the current state of the system

* Feature Processing: In order to adapt the data to the input

requirenents of the policy reasoning nodule, the feature processing
and nodel i ng components are integrated in the function nmodule. This
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part is responsible for preprocessing the original data, such as

cl eaning, normalization, sliding aggregation and so on. At the sane
time, it encodes the dependency topol ogy between nodul es (such as
generating adjacency matrix, graph enbedding, etc.), and constructs
the data structure suitable for graph nodel or sequence nodel

anal ysis. Good feature nodeling directly affects inference accuracy
and performance.

* Policy Inference Engine: This functional nodule integrates a series
of intelligent algorithns for decision generation. Different
reasoni ng | ogics can be deployed in different nodul es, such as

t opol ogy scoring based on graph neural network, or selecting the
optimal routing path based on reinforcenent |earning strategy.

Li ght wei ght supervi sed | earni ng nodel s can al so be used to classify
and predict |ink congestion risk. This nodule receives the processed
feature input and outputs policy suggestions, such as path priority,
node avoi dance suggestions, or traffic control paraneters.

* Policy Qutput Interface: The inference results are fed back to the
system control layer, mainly SMO, through this nmodule. The interface
supports synchronous or asynchronous transm ssion node, and the
generated policy recormendation is returned to the policy
orchestrator in a standard fornat, which is adopted by the SMO and
sent to the communication conmponent (M& SR). |In addition, the output
interface can al so support |ogging, result echo or policy version
control to enhance the traceability and interpretability of policy
reasoni ng.

* Lifecycle Control: In order to ensure the independent depl oynent
and hot update ability of the nodule, the Iife cycle control logic is
included in the function nodule. This part is responsible for the
managenent of nodul e registration, starting, closing and version

swi tching, and supports the dynam c enabling or disabling of
functional nobdules according to requirenents in different training
tasks. Through this nechanism the systemcan flexibly | oad
different policy nodels according to the operation scenario w thout
interrupting the core training process.
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4.3. The control signaling messages design of DVSC- LMI
In this draft, we define the control signaling nechanisns of the
Distributed Mcroservice Conmunication Architecture for Large Mbdel
Training (DMBC-LMI). This architecture introduces nultiple
communi cation entities and signaling types to support efficient task
distribution, dynamc routing, security verification, and real-time
systemoptim zation in |l arge-scal e training environnents.
DVSC- LMTI i ntroduces the foll owing key conmunication entities:
* Service Registry and Discovery (SRD)
* M croservice Gateway (M3
* Aut hentication and Authorization Mdul e (AAM
* Service Router (SR

* Functional Modul es

* Mcroservice Instance Custer (MC
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The control signaling nessages exchanged anong these entities are
outlined in Figure 4. The signaling types and their respective
functions are described as foll ows:

Service Instance Registration - Type 1: This signaling is initiated
by microservice instances within MCs upon startup. Each instance
registers its nmetadata (e.g., service prefix, resource type, conpute
capability,) with the SRD. This ensures that M5 and SR can di scover
and route to active instances dynamcally.

Service Route Advertisenent - Type 2: This signaling is exchanged
between SRD and SR. It distributes route availability and service
prefix topol ogy across the system The SRD periodically broadcasts
the status of all reachable service instances and their location to
connected SRs, enabling accurate route cal cul ation and service
reachability.

Servi ce Access Authentication - Type 3: Wen an external or interna
request reaches M5 the MG sends an authentication signaling to AAM
to validate the identity and pernissions of the request. Based on
policy rules, AAMreturns an access deci sion, ensuring secure access
control for all service invocations.

Conput e- Aware Routing Notification - Type 4: This signaling is used
by SRs to report current |oad conditions, hardware heterogeneity, and
| atency statistics of target service instances to M. Based on this
f eedback, M3 and SRs col |l aboratively determ ne the nost efficient
path for routing conmpute-intensive tasks.

QS Telenetry and Policy Update - Type 5: M croservi ce Gateways (Mzs)
and Service Routers (SRs) periodically report conmunication quality
metrics (e.g., throughput, error rate, latency) to the Service Mesh
O chestrator (SMJ)). The SMO then updates Quality-of-Service (QS)
policies and inforns relevant entities to dynam cally adjust traffic
distribution strategies, ensuring optinmal perfornmance across the
system

4.4, DMSC- LMI' communi cation fl ow

This section illustrates the comunication flow anong key conponents
in the systemduring training task execution. It highlights how
messages, control signals, and data are exchanged across M croservice
Gat eways (Mzs), Service Routers (SRs), Service Mesh Orchestrator
(SMD), and other entities to ensure coordinated training and
resource-efficient operation

1) Service registrati on and comruni cati on path configuration
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After the training task is initiated, M and SR first register their
own node information, conputing resources and service capabilities
with SMO. The SRD synchronously conpletes the allocation of routing
identifiers and nmaintains the |ogical mapping relationship of

m croservices. SMO conbi nes the nodul e topol ogy infornmation provided
by MCto deternmine the initial configuration schenme of the

communi cati on path and synchronously issues the strategy to each
comruni cati on node.

2) Dat a exchange during the nodel training process

After the training task enters the execution stage, MG and SR conduct
actual data transm ssion according to the configured communi cati on
strategy. Msis mainly responsible for the data entry and
aggregation within the nodule, while SR is responsible for the
forwarding of internediate results and path sel ecti on between nodes.
During the conmuni cation process, Functional Modul es can participate
intraffic prediction to avoid congestion and real-tinme optimnzation
deci si ons.

3) Tel enetry of conmunication quality and policy feedback

M5 and SR continuously report comruni cation indicators during
operation, such as bandw dth occupancy, |ink delay, packet |oss rate,
etc. These telenmetry information are aggregated and fed back to the
SMO.  Meanwhil e, Functional Mdules are also involved in the parsing
of telemetry data to evaluate the current perfornmance status of the
system and predict its trends.

4) QS policy update and traffic adjustnent

Based on the observed data and the analysis results of functiona
modul es, SMO wi |l conduct a dynam c eval uation of the current QS
strategy. \Wen problens such as path perfornmance degradation, sudden
increase in conmputing delay, or node |oad inbal ance occur, the SMO

wi || update the comruni cation policy and distribute it to each M5 and
SR for execution.

5) Exception handling and fault recovery

During the conmuni cation process, once a node or link fails, MG or SR
will actively report the abnornmal state to SMO. SMO i medi ately
links SRD and M C for fault location and path reconstruction
Meanwhi | e, the functional nodul e can conduct real-tine analysis of
events, such as determ ning whether it is an instantaneous
fluctuation or a structural failure, thereby guiding the systemon
whether to retry in the short term migrate tasks, or switch to a
backup |i nk.
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6) Commruni cati on term nati on and resource cl eanup

VWhen the training task is conpleted, Msand SRwll report the status
to SMO and SRD. SMO is responsible for cleaning up comunication
routing informati on and deactivating service instances. SRD updates
the service state mappi ng and rel eases port and routing resources.
Meanwhil e, M C renoves the nodul e dependency topol ogy of the current
t ask.

4.5. Task-Level M croservice Deconposition

This section defines the inplenentation nechanisns of task-Ievel

m croservi ce deconposition in DVMSC-LMI. The deconposition process
translates a |l arge nodel training task into a set of |oosely coupled
m croservice units, each corresponding to a specific conputationa
stage, nodel |ayer, or data-parallel shard. These mcroservices are
schedul ed and depl oyed to M croservice Instance Clusters (MGCs),
registered with the SRD, and coordi nated by the SMO for comunication
and resource optim zation.

1) Decomposi tion Principles

Task-1evel mcroservice deconposition follows the principle of
decoupl i ng monolithic training workflows into independent

comput ational sub-tasks with well-defined i nput and out put

boundari es. Each deconposed unit encapsul ates a specific stage of
the training pipeline, such as data | oading, feature extraction,
forward pass, backward propagation, or optimzation. These units are
designed to operate independently with mninal state sharing, thereby
enabl i ng statel ess execution where possible. Furthernore, they are
schedul abl e on het erogeneous hardware platforns, allow ng flexible
mappi ng based on conpute capabilities or affinity constraints. The
granularity of deconposition is determ ned by anal yzing the node
structure, the parallelismstrategy enpl oyed—such as data, nodel

pi peline, or hybrid parallelism—and the trade-offs between

communi cati on overhead and task isolation. The overarching goal is
to strike an effective bal ance between atonic execution units and
manageabl e coordi nati on conmpl exity.

2)Service Unit Generation and Mappi ng

Once the deconposition strategy is determ ned, each sub-task is
instantiated as a microservice unit, assigned a unique service
identifier (SID), and bundled with its correspondi ng execution
context. These microservice units are described through mnetadat a,
whi ch includes information such as the SID, input/output schems,
conpute requirenments, and dependency tags. Upon creation, each unit
is registered with the SRD to facilitate dynam c service discovery.
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The units are then mapped onto a | ogical task graph, where the edges
represent conmmuni cati on dependenci es between services. This mapping
process may incorporate various constraints, including affinity

requi renents (such as GPU pl acenent), execution order enforcenent
(e.g., layer-w se propagation), and co-location preferences to

m nimze cross-node |atency. The resulting task graph abstraction is
consunmed by the SMO, which uses it to generate an initial depl oynent
and routing plan for efficient execution across the system

3) Depl oynment to M Cs

M croservice instances are deployed to one or nore MCs based on
avai l abl e resources, physical proximty, and the overal

communi cati on | ayout. The depl oynent process involves all ocating
container or runtinme slots on M C nodes, establishing routing
configurations between dependent service instances via the SR and
SRD, and registering each instance’ s runtine status—such as active,
pending, or faulted—to support systemw de nonitoring and
orchestration. The depl oynent mechanismis designed to be elastic,
all owi ng new i nstances to be dynam cally spawned or mgrated across
M Cs in response to |load fluctuations, node failures, or strategy
updat es i ssued by the SMO

4) Dynam ¢ Reconposition and Reschedul i ng

To handl e runtime dynam cs such as failures, congestion, or workload
i mbal ance, DMSC-LMI supports dynami c reconposition and task
rescheduling. Reconposition allows nicroservice instances to be
regrouped or restructured, altering the conmunication topology to

i mprove system performance or enhance fault isolation. Rescheduling,
on the other hand, involves reallocating mcroservice instances to
different M Cs based on updated resource availability, QoS
constraints, or degradation detected al ong conmmuni cati on pat hs.

These adjustnents are triggered by feedback from Functiona

Modul es—such as congestion prediction or node pressure

estimati on—policy updates fromthe SMO based on runtinme netrics and
operational reports from SR and M5 as well as failure detectors
within MCs that identify stalled or underperforning service chains.
During the reconposition process, the SRD updates routing identifiers
and service reachability maps, while the SMO coordi nates
configuration synchroni zation across affected nodes. This nmechani sm
enabl es DMSC-LMTI to maintain high throughput, adaptivity, and
resilience under dynami c runtime conditions.

Real i zati on of key functions
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5.1. Efficient Mcroservice Conmuni cati on and O chestration

The system orchestrates and dynam cal ly adjusts the conmmuni cati on
strategy through SMO. SMO generates the routing strategy based on
the task topol ogy, systemstatus, and the real-tinme analysis results
provi ded by Functional Mdules. The SRD is responsible for the

regi stration and di scovery of mcroservices, ensuring that M5 and SR
can dynamically |l ocate conmunication targets and establish avail able
paths. The functional nodules play an intelligent auxiliary role in
it. For exanple, through nmeans such as congestion prediction, |oad
awar eness and path optim zation, the adaptability and efficiency of
routing decisions are inproved.

5.2. Intelligent decision support for functional nodul es

To enhance the adaptive ability of the communication strategy, the
systemintegrates a set of |oosely coupled Functional Modul es, such
as Al-driven congestion predictors, conputationally aware routers,
etc. These nodul es access the telenetry data stream (from Md SR)
during the system operation and output policy suggestions for use by
the SMO Al though functional nodules may rely on external statefu
services (such as historical data analysis), they are designed to be
reusabl e, pluggable, and have good scalability and service

i ndependence.

5.3. Task topol ogy and dependency contro

M C is responsible for analyzing the execution dependenci es anong the
nodel nodul es and nodeling themas an interaction topol ogy diagram
During the task initiation stage, this topology is passed to the SMO
as the basis for communi cation path design and routing strategy
generation. Each mcroservice (such as Ms and SR) registers its own
instance information with the SRD at startup. The SRD is responsible
for centrally maintaining the accessibility information of these
services to support dynam ¢ di scovery and | ocation during subsequent
communi cations. MC also participates in exception judgnment during
operation (such as identifying whether comruni cation failures have

di srupted the dependenci es between nodul es), assisting the systemin
fault handling and nodul e-1 evel resscheduling.

5.4. Conputationally aware routing and congestion avoi dance nechani sns

To cope with the high concurrent conmuni cati on and dynanic changes in
computing power load in |arge-scale training tasks, DVSC LMI

i ntroduces a set of conputationally aware routing and Al-driven
congesti on avoi dance nechani sns based on functional nodules. This
mechani sm conbi nes node conputing pressure, communi cation |ink status
and topol ogi cal structure information to achi eve dynani c perception,
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predi ction and optimal scheduling of communication paths between
servi ces.

A series of artificial intelligence |learning algorithns have been
depl oyed in the functional nodules for predictive nodeling and

deci sion optim zation of comuni cation states. For exanpl e,

t opol ogy- awar e nodel i ng based on Graph Neural Network (GN\N); Routing
optimzation strategy based on reinforcenent learning (RL); Path
classification nmodel based on supervised | earning; Link trend
nodel i ng based on tine series prediction.

These policies operate in a statel ess, |oosely coupl ed manner,

anal yzing the systemstate in real time and providing policy
recomrendations to the SMO. Based on this, SMO dynanically generates
and i ssues comunication strategies to realize real-time adaptive

adj ustnent of service routes, avoid congestion paths, and inprove the
overall training efficiency and comunication stability.

5.5. Fault handling and conmunication resilience

The DMSC-LMI system constructs a multi-level fault handling mechani sm
in the communi cation path and nodul e interaction process, which is
used to deal with node failure, link interruption and perfornmance
degradation, so as to ensure the continuity and stability of the
training task.

The system nonitors the status of services and links in real tine
through the exception reporting nechanismof Mz and SR Once an
anomaly is detected, the infornmation is imrediately reported to the
SMO.  SMO conbined with M C anal yzes the inpact range of the fault.

If the inpact is limted, the local recovery strategy is preferred,
such as switching the standby instance or adjusting the conmmuni cation
path, to avoid interrupting the task execution

6. Local Database Integration and State Managenent in DVBC LMI

I n DMSC-LMI, each microservice instance is optionally equipped with a
i ghtwei ght | ocal database to support task-specific state

persi stence, intermediate result caching, runtime metadata storage,
and execution traceability. Wile this decentralized storage node
aligns with the architecture’ s goals of nodularity, scalability, and
| ow| atency operation, it introduces several technical considerations
in terms of data consistency, recovery, and coordination

6. 1. Rol es and Functions of Local Databases

Local databases within m croservice instances serve the foll ow ng
core purposes:
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*State Persistence: Retain internediate training results, feature
maps, |ocal nodel slices, or cached gradients to avoid redundant
comput ati on and support resunption

*Configuration and Dependency Storage: Hold task topol ogy netadata,
execution context, and nodul e-specific paraneters.

*Resilience and Fault Recovery: Enable fast recovery using |oca
snapshots during instance restarts, crashes, or task mgrations.

*QOperational Metrics and Event Recording: Record policy inference
deci si ons, comunication statistics, fault signals, and historica
performance netrics.

*Het er ogeneous Execution Support: Cache |ocalized execution
paraneters that vary by hardware or role

*Version Control and Auditing: Track data versions, strategy
revi sions, and training progress checkpoints.

6.2. Coordination Across |nstances

Al t hough each nmicroservice instance nmaintains its own | ocal database,
coordination is still necessary when tasks span across service
boundaries. | n DVMSC- LMI, such coordination is achieved through

topol ogy-driven synchroni zation. The dependency graph of the
deconposed training task is reflected in the service routing |ayer,
where the SMO and SRD mmintain a global view of service relationships
and control data exchange accordingly. For exanple, when one

m croservice instance produces internediate results required by a
downstream nodul e, the conmuni cation |ayer ensures tinely delivery
based on this task graph, without requiring direct access to each
other’s databases. This strategy sinmplifies inplenentation,

m nim zes coupling, and ensures consi stency by enforcing dependency-
aware data novement. It also allows SMOto nonitor inter-instance
flows and adj ust paths or schedul es when necessary, further enhancing
t he robustness of coordi nated execution

6.3. Integration with Control Pl ane Conponents

In the DMSC- LMI architecture, |ocal databases are not isolated
conmponents but are designed to work in concert with the contro

pl ane. They serve as a critical bridge between the execution |ayer
of training tasks and the decision-naking |ogic of system
orchestration. The SMO can instruct a mcroservice instance to
create and save a persistent checkpoint, or to export a portion of
its runtine state for use in global scheduling. A persistent
checkpoint refers to a snapshot of the instance’ s key training
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state—such as nmodel paraneters, optimzer states, or execution
progress—stored in the | ocal database or stable storage. This
enabl es the systemto resune tasks fromthe | ast saved point in the
event of migration or failure, avoiding redundant conputation and
ensuring continuity. Additionally, Functional Mdul es may access
structured state data fromthe | ocal store to support anal ytica

tasks such as anomaly detection, retry path inference, or policy
validation. These interactions typically occur through Iightweight,
read-only APIs that expose only necessary information. This approach
preserves mcroservice autonony and security while enhancing system
observability and cross-nodul e coordi nation. Through this
integration, the |local database not only handl es internal state
managenent but al so plays an active role in the broader control |ogic
of the system supporting the adaptive, resilient, and intelligent
orchestration goal s of DVSC LM

7. The specific process of DMSC-LTM

DMSC-LTM aims to achieve efficient and flexible distributed training
by means of m croservices. The architecture deconposes the training
task of |arge-scale nodel into multiple mcroservice units, and uses
the dynam ¢ communi cati on and schedul i ng between mcroservices to
achieve efficient task allocation, |oad balancing and fault

t ol erance.

7.1. Overview of Large Mddel Training Parallel Strategies

Wth the increasing conplexity of |arge nodels, the conputing power
of a single node can no |onger neet their training requirenents.
Therefore, the parallel training strategy becones the key to solve
this challenge. Different parallel strategies offer solutions based
on the nmodel characteristics and training task requirements. Conmon
| arge nodel training parallel strategies include Data Parallelism
(DP), Pipeline Parallelism (PP), Tensor Parallelism (TP), and Hybrid
Parall elism These parallel strategies can be used independently or
in conbination to neet nore conplex training needs.

1)Data Parallelism (DP)

Data parallelismis one of the nbst comonly used parallel training
met hods. The basic idea is to divide the training dataset into

mul tiple subsets, with each node processing a subset of the data.
Each node computes gradients locally and synchroni zes the gradients
at the end of each training step to update the nodel paramneters.

Data parallelismis suitable for |arge-scal e datasets, but when the
nodel is large, the conputation and storage capacity of a single node
may becone a bottl eneck
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2) Pipeline ParallelisnmPP)

Pipeline parallelismsplits a |arge nodel into several stages, wth
each stage assigned to a different conputation node. Each node
processes its assigned part of the nodel sequentially, and as data
flows through the pipeline, different stages of the nodel are
computed in parallel. This method is particularly useful for large
model s where each stage of the nmodel requires substanti al

computation, allow ng the nodel to be processed in a pipeline
fashion, with each node focusing on a specific |layer or subset of the
nmodel . Pipeline parallelismallows for better utilization of

conput ational resources and reduces idle tine between stages.

3) Tensor Parallelism (TP)

Tensor parallelismdivides the tensors (e.g., weight nmatrices,
gradients) in the nodel into snaller parts, with each node conputing
operations on a portion of the tensor. The advantage of tensor
parallelismis that it effectively handl es hi gh-di nmensional tensors,
avoi di ng nenory bottl enecks when a single node conputes |arge, high-
di mensi onal data. It is suitable for |arge-scale neural networks
where paraneter size and conputational conplexity are significant.

4) Hybrid Parallelism

Hybrid parallelismconbines the advantages of data parallelism

pi peline parallelism and tensor parallelism dynamcally selecting
the nost appropriate parallel strategy based on task requirenents.

In sone conplex |arge-scale nodel training scenarios, nmultiple
parall el strategies nmay need to be used sinmultaneously to optim ze
the use of conputational resources. For instance, data parallelism
can be conbined with pipeline parallelismto handl e both data
partitioning and nodel splitting, thus inproving training efficiency.
Hybrid parallelismis particularly useful for conplex tasks that

i nvol ve processing both | arge datasets and massive nodel s.
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7.2. Detailed napping of distributed training to DVMSC- LTM

Distributed training for |large nodels involves various stages such as
data preprocessing, nodel partitioning, forward and backward
propagati on, gradient synchronization, error recovery, and training
conpl etion. These stages are efficiently handl ed by DMSC-LTM t hr ough
its mcroservices-based architecture and dynam ¢ conmmuni cati on,
routing, and resource scheduling capabilities. This section details
how t he conponents of DMSC-LTM nap to each stage of the distributed
training process, with Pipeline Parallelism (PP) used as an exanpl e.

1) Data Preprocessi ng and Loadi ng

The first step in the distributed training process is data
preprocessi ng, which typically involves nornmalization, augnmentation,
and feature extraction. |In the DVMSC-LTM architecture, preprocessing
tasks are distributed across nultiple Ms, with each instance
responsible for a portion of the data. The M5 acts as the entry

poi nt, receiving incom ng data and routing it to the appropriate M
for processing. The SRD nechani sm ensures that new preprocessing
instances are dynamically registered and avail able for task
assignnent, providing flexibility and scalability during data



processi ng.

2) Model Partitioning
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Once the data is ready, the nodel needs to be partitioned into
smal | er, nmanageabl e conponents, which can then be distributed across
different conputing nodes. In DVMSC-LTM each M is assigned a
specific part of the nodel to process. The SR nechani sm ensures
efficient conmmunication between nicroservices. Here, functiona

modul es—such as Al-driven congestion prediction and conputation-aware
routing—are enployed to optimze the routing of data and tasks.
These nodul es predict potential bottlenecks and dynam cally adjust
routing paths to avoid del ays, ensuring the nodel is partitioned and
executed efficiently. The SMO ensures that the nobdel partitioning is
done optinally, based on current system conditions, balancing the
wor kl oad and mi nim zi ng resource wastage.

3) Forward Propagation

In DMSC-LTM each M is responsible for executing forward propagation
for its specific part of the nodel. Using PP, data flows
sequentially through each stage of the nodel, with each M conputing
its assigned segnent in parallel with other stages. The output of
one M is routed to the next using SR, ensuring snmooth data transfer
and efficient conmputation. Internmediate results can be cached for
reuse in backward propagation, mnimzing redundant conputations and
optim zing training perfornmance.

4) Backward Propagation

After the forward pass is conpl eted, backward propagation is
performed to conpute the gradi ents needed to update the nodel
paraneters. |In DVMBC-LTM each M calculates the gradients for its
assi gned nodel portion and sends the gradients to the previous M in
the pipeline using SR Gadient synchronization is critical in
distributed training, and DMSC-LTM | everages functional nodules to
optimze the synchronization process, ensuring efficient

conmuni cation and mininal delay. This enables snpoth backpropagation
across multiple microservices and hel ps nmaintain high training

per f or mance.

5) Gradi ent Updat e and Parameter Synchronization

Fol | owi ng backward propagati on, each M updates its portion of the
nmodel using the conmputed gradients. To maintain consistency across
the distributed system paraneter synchronization is required. In
DMSC-LTM SR are used to ensure that nodel paraneters are updated
across all mcroservices, guaranteeing that the nodel remains
synchroni zed. The MG ensures that the final updated parameters are
accessible to external systens for evaluation, deploynent, or further
traini ng.
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10.

11.

11.

6) Error Handli ng and Recovery

Distributed systens are prone to errors such as node failures,
network i ssues, or conputation errors. |In DVBC-LTM the SMOis
responsi bl e for managi ng error handling and recovery. |If a failure
occurs, the SMO dynamically reallocates tasks to avail abl e

m croservices to mnimze disruption. It also adjusts the task

al | ocati on based on system performance and | oad. Additionally,
functional nodules nonitor the health of the system and apply Al-
driven predictions to detect failures before they occur, enabling
proactive recovery actions. This dynam c error recovery ensures that
the distributed training process continues w thout significant

i nterruptions.

Concl usi on and Qutl ook

The DMSC-LMI architecture supports the scalability and flexibility of
| arge-scal e nodel training through task-1evel m croservices, content-
awar e conmuni cation, functional nodule inference, and |ocal state
managenent. Its decentralized scheduling nmechani smand m croservice
autonony elinmnate the centralized bottl enecks typical of traditiona
architectures, enhancing both flexibility and resource utilization
efficiency. The pluggable intelligent decision-naking mechani sm
enabl es dynam ¢ adj ustnents based on varying training denands,
further inproving adaptability. Looking ahead, DVBC LMl wil |
continue to evolve in areas such as cross-tenant isolation, enhanced
security, and cross-cluster deploynment optimnization, aimng to

i mprove resource nmanagenent capabilities in nulti-tenant
environments, ensure the security of training data and nodels, and
optinize the performance and efficiency of |arge-scale training
across gl obal depl oynents.
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